The influence of induced magnetic field and wall conductance on oscillating hydromagnetic flow of viscous incompressible electrically conducting fluid with arbitrary conducting walls in a channel has been analyzed. A uniform magnetic field H0 is applied perpendicular to the walls. Solution of velocity field, induced magnetic, and temperature field are obtained. The numerical calculation is carried out and results are illustrated using graphs and tables.
Introduction
Many transport processes exist in the geophysics, mechanical engineering, and industrial applications in which flow formation occurs in the presence of a magnetic field. The use of magnetic fluids with biological applications has become widespread and has found application in numerous biological fields like medicine, biotechnology, and diagnostics [1] . The steady laminar flow of a viscous electrically conducting fluid past a semiinfinite plate with aligned magnetic field was studied by Glauert [2] and Gribben [3] for different aspects of the flow formation. Furthermore, the unsteady boundary layer flow over a stationary semiinfinite plate in the presence of a magnetic field was studied by Ingham [4] and Takhar et al. [5] for different physical configurations. Singh and Singh [6] investigated the magnetohydrodynamic (MHD) effect on flows of viscous fluids with induced magnetic field.
The problem of the MHD flow of a viscous, incompressible, electrically conducting fluid with conducting walls has many practical applications in astrophysics, engineering, and space science. Hydromagnetic Couette flow was studied by Katagiri [7] . Chang and Yen [8] studied the effect of wall conductance. Singh and Lal [9] explored the effect of magnetic field orientation and wall conductivity on steady MHD flow. Singh and Lal [10] also studied unsteady MHD flow with arbitrary wall conductivity. Tezer-Sezgin and Dost [11] analyzed the channel flow with arbitrary wall conductivity.
The heat transfer in fluid flows has gained significance in recent times because of its applications in recent advancements of space technology. For example the aerodynamic heat transfer around high-speed vehicles has importance in the present era with the advent of rocketry and supersonic flights. The velocity distribution in the flow field and the study of the thermal boundary layer along with the influence of different forces (or kinematical factors) on this boundary layer is a major aspect of heat transfer problems. The heat transfer in MHD channel flow was discussed by Yen [12] , Soundalgekar [13] , and Jagdeesan [14] . * Correspondence: khemthakur99@gmail.com
The induced magnetic field has many important applications in the experimental and theoretical studies of MHD flow due to its use in many scientific and technological phenomena. In this paper, we have analyzed the effect of an induced magnetic field and wall conductance on the oscillating hydromagnetic flow of viscous, incompressible, and electrically conducting fluid with arbitrary conducting walls.
Mathematical formulation
Consider the oscillatory MHD flow of viscous, incompressible, and electrically conducting fluid confined between two infinite conducting walls separated by distance 2L as in Figure 1 . The origin is assumed to be at the middle of the channel, the x-axis is taken in the direction of the flow, and the y-axis is perpendicular to it. A uniform magnetic field H 0 is applied perpendicular to the walls. Since the walls are infinite along the x-axis, all the physical quantities depend only on y and t. The fluid through the conducting walls is governed by following equations
where ρ is the density of the fluid, ν is the kinematic viscosity, µ e is the magnetic permeability, η is the resistivity, C p is the specific heat at constant pressure, κ is the thermal conductivity, µ is the coefficient of viscosity, and σ is the electrical conductivity of the fluid. The boundary conditions are:
We assume the flow under the influence of the pressure gradient in the X * -axis of the following form:
where A is the amplitude of the pressure gradient and ∈ is the small perturbation parameter.
To solve Eqs. (1), (2), and (3), we assume that:
Substituting Eqs. (5) and (6) into Eqs. (1), (2), and (3), and equating the harmonic and nonharmonic parts and neglecting the coefficient of ∈ 2 , we get the following equations:
The boundary conditions are transformed to:
where σ 1 , σ 2 , h 1 , and h 2 are the electrical conductivity and thickness of the upper and lower plates, respectively.
We introduce the following nondimensional quantities:
is the Reynolds number,
is the Prandtl number, P m = σµ e ν is the magnetic Prandtl number, and
is the Eckert number.
Using the above non dimensional parameters in Eqs. (7)- (12), we get the following nondimensional equations.
The boundary conditions in nondimensional form become:
where ϕ 1 = (25)
Results and discussion
To study the effect of Reynolds number, magnetic Reynolds number, Hartmann number, wall conductance, Prandtl number, magnetic Prandtl number, Eckert number, and frequency of oscillations on MHD flow, numerical calculation has been carried out and the results are exhibited graphically in Figures 2-13 . The steady part of the velocity is presented in Figure 2 ; velocity is maximum along the middle of the channel and decreases with the increase of Hartmann number and wall conductance of the lower and upper walls of the channel.
The steady part of the induced magnetic field is presented in Figure 3 , where it is clear that the magnitude of induced magnetic field increases as we move towards the lower wall and decreases with the increase of Hartmann number in the lower half while it increases in the upper half of the channel. The magnitude of induced magnetic field increases with the increase of lower wall conductance and deceases with the increase of upper wall conductance. The steady part of the temperature profile is presented in Figures 4 and 5 , where with the increase in Reynolds number, Prandtl number, and Eckert number the temperature of the fluid increases, while all other parameters decrease the temperature of the fluid.
Steady shear stress at the lower wall (y = −1) and upper wall (y = 1) of the channel is given by:
The numerical values of steady shear stress at the lower wall (y = −1) and upper wall (y = 1) are presented in Table 1 . Shear stresses decrease with increase of the Hartmann number and wall conductance at the lower wall and increase at the upper wall of the channel. Steady rate of heat transfer at the lower wall (y = −1) and upper wall (y = 1) of the channel is given by the following.
The numerical values of the steady rate of heat transfer at the lower wall (y = −1) and upper wall (y = 1) are presented in Table 2 , depicting that the steady rate of heat transfer decreases with increase of the Reynolds number, Prandtl number, and Eckert number and increases with all other parameters at both the lower and upper wall of the channel. The unsteady velocity profile is shown graphically in Figures 6 and 7 . Clearly, the unsteady velocity is maximum along the middle of the channel. It increases with increase of Reynolds number, Hartmann number, and frequency of oscillations near the lower and upper wall and decreases in the middle of the channel, with an opposite effect for the magnetic Reynolds number. It is also observed that unsteady velocity profile decreases near the lower wall while it increases near the upper wall with the increase of lower wall conductance, whereas upper wall conductance has the reverse effect.
The unsteady part of the induced magnetic field is shown graphically in Figures 8 and 9 . Its magnitude is minimum at the middle of the channel and it increases with Reynolds number and lower and upper wall conductance while it decreases with increase of the magnetic Reynolds number, Hartmann number, and frequency of oscillations
The variation in unsteady temperature profile is presented graphically in Figures 10 and 11 . It is evident that unsteady temperature profile increases with Reynolds number, magnetic Prandtl number, and frequency of oscillations, while it increases with the increase of all other parameters.
Unsteady shear Stress at the upper wall (y = 1) of the channel is given by:
The unsteady shear stress at the upper wall of the channel is presented graphically in Figure 12 . The unsteady shear stress increases with frequency of oscillations, Reynolds number, magnetic Reynolds number, and upper wall conductance while it decreases with Hartmann number and lower wall conductance of the channel. Unsteady rate of heat transfer at the upper wall (y = 1) of the channel is given by the following. 
The unsteady rate of heat transfer is presented graphically in Figure 13 . It is evident that unsteady rate of heat transfer decreases with the frequency of oscillations, Reynolds number, lower wall conductance, and magnetic Prandtl number, while it increases with the increase of all other parameters. .
